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September 11, 1978

To: Sector Test Group

From: S. Ohnuma 7ﬂl¢}‘f

Subject: Field Quality of Dipoles in the Tunnel

Since the primary purpose of the sector test is to transport
the beam to Al7, the field quality of dipoles may not be as impor-
tant as for the circulating beam. Nevertheless, I thought you
might be interested to know what kind of magnets you are using.

I have tried to find as much information as possible from the
measurement group and this is the summary of my finding. I must
confess that the net result does not seem to be very useful except
to show how much we do not know. Of 20 dipoles, four have never
been measured. They are all E22 type (E22-23, 17, 7, and 18).

1. Transfer Function (NMR measurement at 2,000 amps)

The average of 23 dipoles (from #55 to #99) is
T. F. = 9.969 (G/amp) , xrms = 0.014

RAD99 (A12-2): 9.996 PAB85(12-3): 9.958 PAB71(12-4): 9.961
PAD77(12-5) : 9.969 PAB81(13-2): 9.957 PAB88(13-3): 9.956
RAB60 (14-2) 9.973 PAB63(14-3): 9.987 PAB59(14-4): 9.963
PAB69 (14-5) 9.954 PAB67(15-2): 9.959 RCB68(15-3): 9.970
PAC55(15-4) 9.974 PAB65(15-5): 9.974

e

2. Vertical Plane

A positive value of the angle indicates that the field is
pointing towrd the wall. The magnet must then be rotated such that

the wall side is up and the aisle side is down. The resolution of



the stepping motor corresponds to 0.0180. Judging from the scatter-
ings of measured values, one must conclude that the uncertainties

could be as large as 0.1°. Angles are given in degrees.
RAD99 (12-2) 500A 1,000A 2,000A 4,000A
0.221 0.197 0.183 0.180

PAB85 (12-3) 500A 1,000A 4,000A
: 0.234 0.234 0.252

PAB71 (12~4) 500A 1,000A 4,000A
0.144 0.126 0.126

PAD77 (12-5) 500A 1,000A4 2,000A 3,000A
0.324 0.324 0.342 0.342

PAB8l (13-2) 5004 1,000A 2,000A 4,000A
0.306 0.306 0.288 0.306

PAB88 (13-3) 500A 1,000A 4,000A
0.373 0.380 0.385
0.465 0.469

PAB86 (13-4) 500A 1,000A 4,000A
0.424 0.405 0.401
PABG66 (13~5) 500A 1,000A 2,000A 3,000A 4,000A
-.036 -.054 -.036 -.036 -.036
+.054
+.018
RAB60O (14-2) 500A 1,000A 4,000A
0.235 0.204 0.200
PAB63 (14-3) 1,000A 2,000A 3,000A 4,000A
-.522 -.540 ~.540 -.522
PAB59 (14-4) 500A 1,000A 2,000A 3,000A 4,000A
-.090 ~.072 -.090 -.090 ~.072
PAB69 (14-5) 500A 1,000A 4,000A
0.75 0.75 0.73
PAR67 (15-2) 0.180 (flat from 500A to 4,0003)

RCB68 (15-3) 500A 1,000Aa 2,000A 3,000A 4,000A
: 0.540 0.540 0.522 0.522 0.522
0.504



PAC55 (15-4) 0.072 (flat from 1,000A to 4,000A)

PAB65 (15-5) 500A 1,000A 2,000A 3,000A 4,000A
0.018 0. - 0.018 0.018 0.036

3. /B di (relative, stretched wire measurement)

The percentage difference is relative to the wvalue at 2,000A.

RAD99 (12-2) .5kA 1lka 1.5kA.: 2.5kA 3kA 3.5kA 4kA

~-.07 -.08 -.13 +.02 -.07 +.02 -.05
PAB85 (12-3) -.08 +.10 +.09 +.01 0. +.02 -.05
-.02 +.12 +.09 -.01 0. +.02 -.02
PAB71 (12-4) +.18 -.04 -.03 -.01 -.02 +.02 -.04
".lO +-O3 +.06 . 00 _¢04 00 —-04
PAD77 (12-5) ~-.13 -.10 +.03 -.06 -.07 -.05 -.07
-.10 -.03 +.05 ~-.05 -.03 0. -.07
PAB81 (13~2) -.13 +.05 -.03 +.03 -.01 -.02 -.09
+.05 -.13 -.06 -.04 ~-.05 -.03 -.09
PAB88 (13-3) ~-.12 -.01 -.01 +.01 -.01 -.03 -.08
-.11 +.05 -.09 +.01 +.01L -.02 -.08
PAB86 (13-4) +.22 -.10 +.14 +.01 +.03 +.01 -.03
~-.08 +.18 +.05 -.05 -.07 -.03 -.11

PAB66 (13-5) +.27 +.08 -~.22 +.09 +.04 +.14 +.01
—036 —006 —007 +-02 —‘09 —-08 -12
~.19 +.24 -.04 +.13 +.05 +.06 +.06

RAB60 (14-2) +.01 -.06 +.02 +.01 e. -.01 ~-.02
+.02 +.05 +.14 +.02 0. -.01 -.05
PAB63 (14-3) -.20 -.27 -.11 +.02 -.12 -.13 -.20
-.09 -.10 -~.05 +.10 -.04 -.07 -.13
-.11 +.11 -.17 +.05 -.08 -.04 -.14
PAB59 (14-4) -.09 +.04 -~.09 +.04 +.01 +.03 -.05
-.16 +.09 -.04 +.01 -.05 -.03 -.10
PAB69 (14-5) +.06 +.02 -.22 -.22 +.01 -.16 -.15

+.16 0. +.36 +.23 +.07 +.16 +.06

PAB67 (15-2) -.11 -.04 +.05 -.01 -.02 +.01 -.04
-.16 -.04 +.06 +.01 -.0L +.03 -.05



RCB68 (15-3) .5kA  1kA  1.5kA 2.5kA  3kA  3.5kA  4kA
-.26 ~.06 ~-.11 -.03 -.08 -.04 -.13
~.30 ~.05 =-.21 -.08 =-.07 ~.10 =-.15

PAC55 (15-4) +.08 -.04 —.03 0. ~.03 ~-.02 -.08
+.23 -.11 -.02 0. ~.03 ~-.02 -.08

PAB65 (15-5) -.18 -.13 =-.02 +.03 -.04 0. -.07
+.25 =-.09 =-.05 =-.01 -.06 ~-.02 -.08
-.12 -.14 ~-.04 +.03 -.04 +.01 ~-.09

4. Nonlinear Components

It is unfortunate that nonlinear components were measured
only at the center region of each dipole. This is no longer
the case starting from #10l. Since the end contribution is very
large and there is no reason to suspect that the end for dipoles
#55 to #99 is different from the end for dipoles beyond #101,
I have included the average end contribution (average of 9 dipoles,
#lOl 102, 103 104 105, 107, 111, 113,and 114) in this note.
Soukaakikeee: k “'%-,~-Ehe end contribution is alarmingly
large. Slnce the fluctuatloﬁ from magnet to magnet is also large,
the table here may not be very useful. It may simply give us the
order-of-magnitude idea of the nonlinearities.

Values given here are

(AB/B.) . (1/BQ)(3B,/3%) , (B,/B)), (1/B) (3B /ox)

all on the median plane ( y = 0) and at x = -1", -.5", +.5% and +1%.

The first two are normal field and the last two are skew contributions.

The first and the third quantities are dimensionless; the unit of
the second and the fourth is 1/cm. It is assumed that the center
of the measuring coil was off from the center of the cold bore.

To find this offset, it is assumed (somewhat arbitrarily) that the
normal 16-pole and the skew 1l6-pole components are entirely due to
the shifted normal 18-pole field. Components higher than 18-pole
are entirely ignored. By comparing the center coordinates (relative
to the measuring coil center) of the same magnet at different current
values, one can see that this assumption is more or less justified.

cc: Te Collins:
D. Edwards
L. Teng
A. Tollestrup
Magnet Measurement Group
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Contribution from the end field, average of

nine dipoles (#1101, 102, 103, 104, 105, 107, 111,

113, 114)
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